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 $OH[DQGHUDQG%U\DQW(QHUJ\3URFHGLD   ± 
WKHSXUSRVHRI JHRORJLF VHTXHVWUDWLRQ  DQG SRVVLEO\ FRQWDPLQDWHRWKHUVXEVXUIDFH UHVRXUFHV ,WLVWKHUHIRUHQHFHVVDU\
WRVWXG\SURVSHFWLYHVWRUDJHVLWHVWRVHHZKHUHLQMHFWHGFDUERQGLR[L GHFRXOGPLJUDWH DQG DWZKDWUDWH 
$VRXUFHVLQNDQDO\VLVKHOSVVHW WKHFRQWH[WIRUSRVVLEOHJHRORJLFFDUERQVWRUDJH*&6LQ7	7$FFRUGLQJWRWKH
86'HSDUWPHQWRI(QHUJ\7ULQLGDGDQG7REDJRHPLWWHGDQGPLOOLRQWRQQHVRIFDUERQGLR[LGHIRUDQ G
 UHVSHFWLYHO\ >@ 3URMHFWV JRLQJ IRUZDUG VXFK DV VWHHO SODQWV DQG DOXPLQLXP VPHOWHUV FRXOG OHDG WR HPLVVLRQV
UHDFKLQJDVPXFKDVPLOOLRQWRQQHVSHU\HDU$OWKRXJK7ULQLGDGDQG7REDJRLVQRWFXUUHQWO\FRPSHOOHGWRFRQWURO
HPLVVLRQVRSWLRQVVKRXOG  EH DYDLODEOH IRU&2GLVSRVDO LQ D VDIHPDQQHU LI KHOG UHVSRQVLEOH WR GR VR LQ WKH IXWXUH  
3URYHG UHVHUYHV RI QDWXUDO JDV LQ 7	7 DPRXQW WR  7&) DW WKH HQG RI  %3 >@ 7KLVPHDQV WKDW VHYHUDO
KXQGUHGPLOOLRQWRQQHVRI&2DIHZGHFDGHVRIGRPHVWL FHPLVVLRQVFRXOGEHVWRUHGMXVWLQGHSOHWHGJDVUHVHUYRLUV
+HQFH*&6LVDQRSWLRQIRUVXEVWDQWLYHHPLVVLRQVPLWLJDWLRQLQ7	7 7KLVLVSDUWRIWKHPRWLYDWLRQIRURXUVWXG\ 


,QWKLVSDSHUZHLOOXVWUDWH&2VWRUDJHVFHQDULRVIRUIRUPDWLRQVRIIVKRUHRI7 	7ZKHUHYHU\ODUJHJDVUHVHUYRLUV
H[LVWDQGKDYHEHHQZHOOFKDUDFWHUL]HG:HFRQVLGHULQMHFWLRQLQWRDGHSOHWHGJDVUHVHUYRLUDVZHOODVLQMHFWLRQLQWRD
QRWLRQDOO\ HTXLYDOHQW DTXLIHU 7KH DVVXPSWLRQ LV WKDW VDOLQH RIIVKRUH DTXLIHUV DUH OLWKRORJLFDOO\ Y HU\ VLPLODU WR
RIIVKRUHJDVUHVHUYRLUV WKHRQO\GLIIHUHQFHEHLQJWKHUHVHUYRLUVZHUHFRQQHFWHG WRDK\GURFDUERQVRXUFHIRUVRPH
SHULRGRI WLPH:HEHJLQZLWKDVLPSOHUPRGHOSUREOHP LQZKLFKDQDFFXPXODWLRQRI&2 ZLWKLQ WKHUHVHUYRLU LV
DVVXPHG WR H[LVW  DV DQ LQLWLDO FRQGLWLRQ 7KLV HQDEOHV D OHVV DPELJXRXV LQWHUSUHWDWLRQ RI WKH NH\ SKHQRPHQD
FRQWUROOLQJOHDNDJHGXULQJWKHSRVW LQMHFWLRQSHULRG 
$SSURDFKIRUWKHVLPXODWLRQPRGHO
,QWKLVPRGHOSDUWRIWKH0DKRJDQ\ILHOGZDVEXLOWIURPIDXOWEORFNVIRX UDQGILYHLQGLFDWHGE\WKHERUGHURIEOXH
OLQHVLQ) LJXUH 7KLVILHOGLVORFDWHGPLOHVRIIVKRUHIURPWKHVRXWKHDVWFRDVWRI7ULQLGDGLQWKH&ROXPEXV%DVLQ
ZLWKLQ WKH (DVWHUQ 9HQH]XHODQ %DVLQ LQ DSSUR[LPDWHO\  IHHW RI ZDWHU ,W LV D IDXOWHG DQWLFO LQDO VWUXFWXUH ZLWK
3OHLVWRFHQHDJHVWDFNHGVDQGDQGVKDOHVHTXHQFHV7KHILHOG LVGRPLQDWHGE\ZDWHUGULYHPHFKDQLVPEHFDXVHRI WKH
ODUJHDTXLIHUWKDWH[LVWVEHORZ7KHUHDUHUHVHUYRLUVLQWKHILHOG FRPSULVLQJ DVHULHVRIVWDFNHGJDVVDQGVLQVHYHQ
VHSDUDWHPDMRUIDXOWEORFNV 7KHUH DUH FRPSHWLQJK\SRWKHV HV IRU WKH ILOOLQJRI WKHVH VDQGV 2QHYLHZV WKH IDXOWV DV
WKHPDLQFRQGXLWV IURP WKHJDV VRXUFHZLWK UHVHUYRLUV IRUPLQJDVJDVPLJUDWHV IURP WKH IDXOW LQWRVDQGV LQWHUVHFWHG 
E\ WKH IDXOW 7KH RWKHU PRGHO LQYRNHV JHQHUDO DUHD ZLGHPLJUDWLRQ RI JDV XSZDUG LQWR WKH ORZHUPRVW VDQGV*DV
ZRXOGFROOHFWZLWKLQVDQGXQWLO UHDFKLQJDVSLOOSRLQWDVVRFLDWHGZLWKDERXQGLQJIDXOWRUXQWLOH[FHHGLQJ WKHHQWU\
SUHVVXUH DW VRPH ORFDWLRQ DORQJ WKH IDXOWV 7KXV WK H DUUDQJHPHQW RI JDV UHVHUYRLUV ZRXOG UHIOHFW WKH VHDOLQJ
SURSHUWLHV RI WKH IDXOWV7KH WZRPRGHOV UHSUHVHQW WZRHQGVRI WKH VSHFWUXPRI IDXOW EHKDYLRXU DQG WKXV WKLV ILHOG
SURYLGHVDFRQYHQLHQWQDWXUDO ODERUDWRU\2XU ORQJ WHUPJRDO LV WRFDUU\RXWQXPHULFDO VLPXODWLRQV ZLWK D UDQJH RI
IDXOWSURSHUWLHV WR WHVW WKH WZRPRGHOV7KHLQVLJKWJDLQHGZLOOHQDEOHXV WR WHVW OHDNDJHDQGWUDSSLQJVFHQDULRVIRU
&2LQWKHVDPHVDQGV 


)RU FRQYHQLHQFH LQ WKLV SUHOLPLQDU\ VWXG\ZH FRQVLGHU D ' YHUWLFDO VOLFH IURP WKLV ILHOG 7KH ZLGWK WKLFNQHVV
DQG GHSWK WR WKH WRS ZHUH   DQG  IW UHVSHFWLYHO\ 7KH WHPSHUDWXUH DQG SUHVVXUH JUDGLHQWV ZHUH
R&NP DQG  SVLIW UHVSHFWLYHO\ 7KH PRGHO ZDV EXLOW ZLWK D VDQG VKDOH VHTXHQFH 7KHUH ZHUH WKUHH VDQG
ERGLHV ZLWKWKHDYHUDJHSHUPHDELOLW\EHLQJDQGPGZKLOVWWKDWRIWKHVKDOH ZDVPG7KH IDXOWZDV
DVVXPHG WRKDYHDSHUPHDELOLW\RI PG VHH)LJXUH 7KHRYHUDOOSRURVLW\XVHGZDV IRU WKH VDQG VKDOHDQG
IDXOW 7KHPRGHO DVVXPHV WKDW WKH UHV HUYRLU LV WLOWHG DW  GHJUHHV DQG  WKH RQO\ IOXLGV SUHVHQW DUH ZDWHU DQG FDUERQ
GLR[LGH 7KH ERXQGDULHV RI WKH GRPDLQ ZHUH FORVHG ,Q WKLV VWXG\ ZH DVVXPH WKDW WKH LQMHFWLRQ SKDVH LV DOUHDG\
FRPSOHWH 7KH &2 ZDV WKHQ DOORZHG WR PLJUDWH GXH WR EXR\DQF\ 7KLV HQDEOHV XV WR REVHUYH WKH HIIHFWV RI
SHWURSK\VLFDOSURSHUWLHVRIIDXOWURFNFDSLOODU\SUHVVXUHFXUYHSHUPHDELOLW\DORQJWKHIDXOWSHUPHDELOLW\DFURVVWKH
IDXOWRQ WKH&2SOXPH¶VPLJUDWLRQGLUHFWLRQDQGUDWH&KDQJDQG%U\DQW>@VKRZHGWKDWFRQGXFWLYH IDXOWV FRXOG
HQKDQFHWUDSSLQJLIWKHSOXPHHQFRXQWHUHGWKHPEXWWKH\QHJOHFWHGWKHLQIOXHQFHRIFDSLOODULW\ 

7KH*(0&0* VLPXODWRU SURSRVHG E\ 1JKLHP HW DO >@ ZDV XVHG DQG WXQHG WR WKH&2EULQHURFN V\VWHP LQ
SUHYLRXV ZRUN  E\ .XPDU >@ DQG 2]DK HW DO>@  7KH JDV VDWXUDWLRQ SURILOHV GXULQJ  \HDUV DUH WKH SULQFLSDO
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 $OH[DQGHUDQG%U\DQW(QHUJ\3URFHGLD   ±  
VLPXODWLRQ RXWSXWV IURPZKLFK WKH G\QDPLFV RI &2SO XPHV  DUH LQIHUUHG &KDQJ >@ LQGLFDWHG WKDW W KH LQFUHDVH
DQGRU GHFUHDVH RI WKH JDV VDWXUDWLRQ LQ HDFK JULG EORFN UHVXOW IURP WKH SKDVH EHKDYLRU EDVHG RQ WKH UHODWLYH
SHUPHDELOLW\FXUYH   ,Q WKLVZRUN  WKUHH GLIIHUHQW URFN W\SHV HDFK ZLWK GLIIHUHQW UHODWLYH SHUPHDELOLW\ ZHUHXVHG
(DFKURFNW\SHZDVFKDUDFWHULVWLFRIWKHJUDLQW\SHIRUWKHVDQGVKDOHDQGIDXOWUHJLRQV 

5RFN)OXLG'DWD8VHG,Q6LPXODWLRQV 
7KHUHODWLYHSHUPHDELOLW\GDWDXVHGIRUWKHVDQGDQGVKDOHUHJLRQVZHUH WDNHQ IURPGDWDSXEOLVKHGLQ%HQQLRQDQG
%DFKX>@VKRZQLQ)LJXUHV GDWDIRUWKH%DVDO&DPEULDQ6DQGVWRQHDQG GDWDIRUWKH:DEDPXQ&DUERQDWHORZ
UHO DWLYHN UHVSHFWLYHO\  7KH UHODWLYH SHUPHDELOLW\ YDOXHV DVVLJQHG IRU WKH JULG EORFNV XVHG WR UHSUHVHQW WKH IDXOWHG
UHJLRQZHUH FDOFXODWHGXVLQJ WKH%URRNV &RUH\SDUDPHWHUL]DWLRQ7KHIDXOW JULGEORFNVKDGDSHUPHDELOLW\RI PG
7KHYDOXHVRI 6JU6 JFU6JPD[6 ZFRQ6ZLU. UJ. UZ1ZDQG 1JZHUHDQG UHVSHFWLYHO\ ZHUH
XVHG WR SORW WKLV FXUYH DV VKRZQ LQ )LJXUH   )LJXUH VKRZV WKHFDSLOODU\SUHVVXUH FXUYHV IRU WKH VDQG VKDOH DQG
IDXOW  )DXOWV ZHUH UHSUHVHQWHG E\ DVVLJQLQJ WUDQVPLVVLELOLW\ PXOWLSOLHUV WR DSSURSULDWH JULG EORFNV &KDQJ >@
0DQ]RFFKL HWDO >@7KHIDXOWKDGDWUDQVPLVVLELOLW\PXOWLSOLHU RI LQ WKHKRUL]RQWDOGLUHFWLRQRIIORZDQGLQ
WKHYHUWLFDOGLUHFWLRQ7KHHIIHFWRIK\VWHUHVLVZDVWDNHQLQWRDFFRXQWL QDOO WKHPRGHOVVLQFHUHVLGXDOSKDVHWUDSSLQJ
DFFRXQWV IRU D ODUJH DPRXQW RI WKH VHTXHVWHUHG &2 EHLQJ WUDSSHG 7KH PD[LPXP UHVLGXDO JDV VDWXUDWLRQ ZDV
FDOFXODWHG XVLQJ WKH FRUUHODWLRQGHYHORSHGE\+ROW]>@
  +<= φJUP6  

7KLVFRUUHODWLRQLVXVHGWRFDOFXODWHWKH+<6.5*YDOXHLQWKHVLPXODWLRQPRGHO 
5HVXOWVDQG'LVFXVVLRQ 
)LJXUHV VKRZWKHUHVXOWVZLWKRXWWKHHIIHFWVRIFDSLOODU\SUHVVXUH)LJXUH VKRZVWKHLQLWLDOVDWXUDWLRQRIWKH
&2UHGDQGWKHZDWHUEOXH)LJXUHVKRZVWKDWWKHIURQWDOGLVSODFHPHQWRIWKH&2KDGUHDFKHGWKHWRSVHDODIWHU
\HDUVKDYLQJPLJUDWHGWRHQFRXQWHUWKHIDXOWWKHQULVLQJZLWKLQWKHIDXOW  IWL QWKHYHUWLFDOGLUHFWLRQ)LJXUH
VKRZVWKDWWKH&2FRQWLQXHVWRDFFXPXODWHDW WKHWRSRIWKHGRPDLQZKHUHWKHIDXOW LVDVVXPHGWRWHUPLQDWH7KH
&2SOXPHWKHQVWDUWVWRILOOWKHXSSHUVDQGERG\WKDWLVWKHVDQGOD\HUDERYHWKHLQMHFWHGUHJLRQ 

)LJXUHVDQG DUHWKHUHVXOWRIUHSHDWLQJWKHVDPHVLPXODWLRQEXWZLWKFDSLOODU\SUHVVXUHFXUYHVDVGHVFULEHG
LQ)LJXUH7KHVHILJXUHVKDYHWKHVDPHLQLWLDOFRQGLWLRQDV)LJXUH7KHYDOXHVIRUFDSLOODU\SUHVVXUHZLWKLQWKH
&2FROXPQZHUHKLJKHUWKDQW KHHQWU\SUHVVXUHRIWKHVDQGERG\LQZKLFKWKH&2ZDVLQLWLDOO\ LQMHFWHG$VVKRZQ
LQ)LJXUHKRZHYHUWKH&2ZDVQRWDEOH WRPLJUDWHRXWRI WKHVWRUDJHVDQGGXH WREXR\DQF\GULYHQIORZHYHQ
DIWHU\HDUV7KHSUHVVXUHGLIIHUHQFHEHWZHHQ&2DQGZ DWHUZDV LQVXIILFLHQW WR RYHUFRPH WKH FDSLOODU\ HQWU\
SUHVVXUHIRUWKHIDXOWURFN7KHUHIRUHIDXOWZLOOUHPDLQVHDOLQJDVORQJDVWKLVLVWUXH2QFHWKLVSUHVVXUHLVH[FHHGHG
VRPHPDVVRIWKH&2LQMHFWHGZLOOHVFDSHIURPVRPHVSLOOSRLQWDVVKRZQLQ )LJXUH 

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HQWU\SUHVVXUHRIWKHIDXOW6RPHRILWZLOOVSLOODFURVVXQWLOWKHSUHVVXUHRIWKHDFFXPXODWHG&2LVUHGXFHGDOORZLQJ
RQO\ D FHUWDLQ TXDQWLW\ WR HVFDSH 6RPH RI WKH LQLWLDOO\ LQMHFWHG &2ZLOO VWLOO UHPDLQ WUDSSHGZLWK LQ WKH LQMHFWHG
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Z HFDQXVH] WR FDOFXODWH WKH LQLWLDO DPRXQWRILQMHFWHG&2DQG]
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FDOFXODWH WKH PDVV UHPDLQLQJ DIWHUVHDO VHDOLQJ RFFXUV 7KHQ0 LQLWLDO ±0 UHPDLQLQJ 0 HVFDSLQJ +HQFH ZH FDQFDOFXODWH 
ZKDWPDVVRI&2 HVFDSHG 

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